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SPECIFIC HEAT DATA ANALYSIS PROGRAM 
FOR THE IBM 704 DIGITAL COMPUTER 

by 

Pat R. Roach 

I. PURPOSE 

The purpose of the program described herein is to calculate the 
specific heat of a substance in the temperature range from 0.3 to 4.2°K, 
given temperature calibration data for a carbon resis tance thermometer , 
and given experimental temperature drift and heating period data. The 
specific heats calculated from these data are then fitted by a curve by 
the method of least squares and the specific heats are corrected for the 
effect of the curvature of the data. 

II. METHOD 

The experiment* for which this program was designed is one in 
which a He' cryostat is used in order to achieve temperatures in the 
neighborhood of 0.3°K by pumping on He'. The specific heats are deter
mined by applying a measured amount of current to a constantan heater 
on the sample for an accurately measured length of time. With additional 
information determined before the experiment for the resis tance of the 
heater, the heat capacity of the empty calor imeter , and the number of 
moles (or grams) of sample, the specific heat can be determined when 
the temperature increase due to the heat input is known. 

The temperature is determined by measuring the resis tance of a 
carbon thermometer arranged in a four-lead potentiometer circuit. One 
pair of leads is used to measure the voltage across the thermometer and 
the other pair ca r r i e s the thermometer current; this current also flows 
through a standard res i s to r , and the voltage developed is measured to 
determine this current . 

Figure 1 shows how this temperature increase is actually deter
mined. Because of unavoidable heat leaks, the temperature of the sample 
does not remain constant between heating periods, but drifts at a slow rate 
(assumed to be l inear) . For this reason, the drifts before and after the 
heating period are measured as shown in Figure 1. Point C represents 
the point where heat is turned on, and D represents the point where it is 
turned off. 

*Lounasmaa, O. V., and Guenther, R. A., Phys. Rev. 126, May 15, 1962. 



F i g u r e 1 

F o r e - and a f t e r - d r i f t s of a 
t y p i c a l hea t c a p a c i t y point 

The t r u e t e m p e r a t u r e i n c r e a s e due to the e l e c t r i c a l h e a t i n g i s t h e n found 
by e x t r a p o l a t i n g t he f o r e - and a f t e r - d r i f t s to the m i d d l e of the h e a t i n g in 
t e r v a l , giving po in t s A and B, r e s p e c t i v e l y . The d i f f e r ence in the t e m 
p e r a t u r e s of po in t s A and B g ive s the i n c r e a s e due to the h e a t i n g , and 
the m e a n of t h e s e t e m p e r a t u r e s g ives the t e m p e r a t u r e to which the speci f ic 
h e a t i s r e f e r r e d . 

The c a r b o n t h e r m o m e t e r i s c a l i b r a t e d a g a i n s t the v a p o r p r e s s u r e s 
of He and He by d i r e c t vapo r p r e s s u r e m e a s u r e m e n t s w h e r e p o s s i b l e and 
by m e a n s of a m a g n e t i c t h e r m o m e t e r for l o w e r t e m p e r a t u r e s . M e a s u r e 
m e n t s of v a p o r p r e s s u r e s a r e done with oi l m a n o m e t e r s (conta in ing 
d i - n - b u t y l ph tha la t e ) for low p r e s s u r e s and m e r c u r y m a n o m e t e r s for 
h i g h e r p r e s s u r e s . T h e s e r e a d i n g s a r e then c o r r e c t e d by the p r o g r a m for 
the r e l a t i v e e x p a n s i o n effects of r o o m t e m p e r a t u r e on the g l a s s , m e r c u r y , 
and o i l , and for the z e r o c o r r e c t i o n s of the m e r c u r y m a n o m e t e r s ( see 
P R O G R A M DETAILS) . Also inc luded is a c o r r e c t i o n to s t a n d a r d g r a v i t y 
of 980.665 c m / s e c , a s s u m i n g a loca l va lue of 980.278 c m / s e c ^ , and a 
c o r r e c t i o n for i m p u r i t i e s in the H e ' . The l a t t e r c o r r e c t i o n is a p p l i c a b l e 
for s m a l l He i m p u r i t i e s in the H e ' ; the c o r r e c t i o n f ac to r would be 1-x if 
X w e r e the p e r c e n t of He^ in the H e ' . The p r e s s u r e s ob ta ined a r e then 
r e f e r r e d to H e ' * or He*** vapor p r e s s u r e t a b l e s to ob ta in v a l u e s of 
a b s o l u t e t e m p e r a t u r e . 

F o r t e m p e r a t u r e s too low to y ie ld vapor p r e s s u r e r e a d i n g s , a 
m a g n e t i c t h e r m o m e t e r c a l i b r a t e d at h i g h e r t e m p e r a t u r e s is u s e d . F r o m 
m e a s u r e m e n t s of the m u t u a l i nduc tance of the m a g n e t i c t h e r m o m e t e r along 
with va lues of t e m p e r a t u r e d e t e r m i n e d f r o m vapo r p r e s s u r e r e a d i n g s a 
f o r m u l a is d e t e r m i n e d for the po in t s of the f o r m 

*Sydor iak , S. G., and R o b e r t s , T . R., P h y s . R e v . U)6, 175 (1957) 
( t e m p e r a t u r e s c o n v e r t e d f rom T55 to Tjg). 

**Van Dijk, H., Dur i eux , M., C l e m e n t , J . R., and Logan , J . K. J Re 
Nat . B u r . Stand. 64A, No. 1, (1960). 



where /c is the mutual inductance of the magnetic thermometer , T is the 
absolute t empera ture , A and B are the paramete rs to be determined (by 
the method of least squares) , a is an input constant, and /3 is a constant 
chosen by the program to give the best fit to the experimental points. 

When the constants A and B have been determined, the above 
formula is inverted and then extrapolated to determine values of t empera 
ture corresponding to values of /c in the region too low for helium vapor 
p r e s su re readings. 

The result of the previous calculations is to provide a value of 
absolute tempera ture for each value of resis tance of the carbon thermom
eter . The next step is to fit a formula to these data by the method of least 
squares . For this purpose there are available in the program 33 functions 
of R, any combination of which can be used to comprise the calibration 
formula. The final resul t of this analysis is then a formula 

^ = Afi(R) +Bf2(R) + • • • + Nfn(R) , (2) 

where A, B, • • ', N have been determined from the calibration points Rj, 
Tl, • • *, Rm' Tn^ by the method of least squares . 

As the final step in the analysis, a formula whose form can be any 
polynomial in powers of T is fitted to the specific heat data by the method 
of least squares . At the same t ime, the data are corrected for the effect 
of curvature of the specific heat function. This is necessary because of the 
finite intervals of tempera ture used in the measurements and the fact that 
over such an interval the specific heat function is perhaps not sufficiently 
linear to yield a completely accurate answer without correct ion. The leas t -
squares analysis includes the provision for fitting the specific heat data 
with any combination of t e r m s whose coefficients are floating and free to 
be determined by the method of least squares , and t e rms whose coefficients 
a re fixed and entered as input to the program. 

III. OPERATION 

A. Specific Heat Calculation Program 

1. Input 

a. Calibration Data. Title Card. The first card to be read by 
the machine is a title card. The information on this card will be duplicated 



in a l l the d a t a output of the s a m e e x p e r i m e n t . The f i r s t 72 s p a c e s of the 
c a r d a r e a v a i l a b l e for i n f o r m a t i o n . 

C o n s t a n t s C a r d . The second c a r d r e a d in by the m a c h i n e 
is a c o n s t a n t s c a r d con ta in ing i n f o r m a t i o n n e c e s s a r y for the c a l i b r a t i o n 
c a l c u l a t i o n s . It c o n t a i n s the fol lowing d a t a : 

Word 1: N u m b e r of c a l i b r a t i o n p o i n t s , 
(co l . 8-9) 

Word 2: C o n s t a n t a for the m a g n e t i c t h e r m o m e t e r f o r m u l a 
(co l . 10-20) [ f o r m u l a (1)] . 

Word 3: Z e r o c o r r e c t i o n for H e ' m e r c u r y m a n o m e t e r in m m 
(co l . 21 -31) of m e r c u r y . 

Word 4: Z e r o c o r r e c t i o n for He'* m e r c u r y m a n o m e t e r in m m 
(co l . 32-42) of m e r c u r y . 

Word 5: P u r i t y c o r r e c t i o n for H e ' m a n o m e t e r r e a d i n g s 
(co l . 43 -52) ( e .g . , 0 .994 if t h e r e w e r e 0.6% He* in the H e ' ) . 

Word 6: Va lue of s t a n d a r d r e s i s t o r u s e d to m e a s u r e c a r b o n 
(co l . 53-62) t h e r m o m e t e r c u r r e n t , in o h m s . 

C a l i b r a t i o n Da ta C a r d s . The next c a r d s r e a d in by the 
m a c h i n e a r e the c a l i b r a t i o n d a t a c a r d s ; t h e s e c o n t a i n d a t a a s fo l lows : 

Word 1; L o w e r h e l i u m v a p o r p r e s s u r e m a n o m e t e r r e a d i n g in 
(co l . 1-9) m m of o i l o r m e r c u r y . 

Word 2: H i g h e r h e l i u m v a p o r p r e s s u r e m a n o m e t e r r e a d i n g in 
(co l . 10-20) m m of o i l o r m e r c u r y . 

Word 3: Mutua l i n d u c t a n c e b r i d g e r e a d i n g (if any) for m a g n e t i c 
(co l . 21-31) t h e r m o m e t e r . 

Word 4: Vol tage r e a d i n g of c u r r e n t in c a r b o n t h e r m o m e t e r , 
( co l . 32-42) 

Word 5: Vol tage r e a d i n g of c a r b o n t h e r m o m e t e r , 
(co l . 43-52) 

Word 6: Read ing of r o o m t e m p e r a t u r e in °C. 
(col . 53-62) 

Word 7: Code n u m b e r f r o m 1 to 5 ident i fy ing n a t u r e of 
(co l . 65) c a l i b r a t i o n d a t a , 1 = H e ' o i l ; 2 = H e ' m e r c u r y ; 

3 = He* o i l ; 4 = He* m e r c u r y ; 5 = no m a n o m e t e r 
r e a d i n g . 



Word 8: Code word as follows: 
(col. 68-72) Col. 68: Experiment number. 

Col. 69: Run number (zero if calibration data). 
Col. 70-72: Calibration point number. 

Calibration Formula Card. The last card comprising the 
calibration input contains the data for the calibration formula [formula (2)] 
as foUow^s: 

Word 1: 
(col. 9) 

Number n of functions to be used for calibration 
formula. 

Words 2, 3, 4, 5, 6, 7, 8, and 9 are in columns 15-16, 19-20, 26-27, 
30-31, 36-37, 41-42, 46-47, and 51-52, respectively, and contain the 
code numbers of the functions to be used for the calibration curve 
as follows (as many words as necessary , up to 8): 

1: 

4: 

7: 

10: 

13: 

16: 

19: 

22: 

25 : 

28 : 

3 1 : 

Speci 

I / R 5 

I / R 5 / 2 

1/R 

R 1 / 2 

R 2 

R 4 

e - R 

eR/2 

e3R 

(lnR)-2 

InR 

fie Heat 

2 

5 

8 

11 

14 

17 

20 

23 

26 

29 

32 

Data. 

I / R 4 

I / R 2 

I / R 1 / 2 

R 

R 5 / 2 

R 5 

e-2R 

eR 

( lnR)-l /2 

(InR)-3 

(lnR)2 

Number oi 

3: 

6: 

9: 

12: 

15: 

18: 

2 1 : 

24: 

27: 

30: 

33 : 

Runs 

I / R 3 

I / R 3 / 2 

1 

R 3 A 

R 3 

e-R/2 

e-3R 

e2R 

(InR)-l 

(InR) 1/2 

(InR) 3 

Card. Th 
read in gives the number of runs in the experiment. This is in column 9. 

This is followed by the data for each run, one after another, 
each run containing the following data: 

Number of Points Card. The first card of each run gives 
the number of specific heat points for that run in columns 8-9. 

Constants Card. The second card gives the constants used 
in calculating the specific heats as foUows: 



Word 1: C o n s t a n t j ^ of the f o r m u l a for the h e a t e r r e s i s t a n c e 
(co l . 1-9) R = r + s T , in o h m s . 

Word 2: C o n s t a n t _s_ of t he f o r m u l a for the h e a t e r r e s i s t a n c e 
(co l . 10-20) R = r + s T , in o h m s / ° K . 

Word 3: Value of s t a n d a r d r e s i s t o r u s e d to m e a s u r e h e a t i n g 
(co l . 21 -31) c u r r e n t in o h m s . 

Word 4: Value of s t a n d a r d r e s i s t o r u s e d to m e a s u r e t h e r m o m -
(col . 32-42) e t e r c u r r e n t , in o h m s . 

Word 5: C o n s t a n t _A_ of the f o r m u l a for the h e a t c a p a c i t y of t he 
(co l . 43 -52) e m p t y c a l o r i m e t e r C = A T ' + B T , in m i l l i j o u l e s / C K ) * . 

Word 6: C o n s t a n t B_ of the f o r m u l a for t he hea t c a p a c i t y of the 
(co l . 53-62) e m p t y c a l o r i m e t e r C = A T ' + B T , in m i l l i j o u l e s / ( ° K ) ^ . 

Word 7: N u m b e r of m o l e s of s a m p l e , 
( co l . 63-72) 

The nex t c a r d s of t he r u n a r e the a c t u a l spec i f i c h e a t input 
c o n s i s t i n g of d r i f t d a t a and h e a t i n g p e r i o d d a t a a l t e r n a t e l y . 

Dri f t D a t a C a r d ( s ) . The d r i f t d a t a i s m a d e up on a s m a n y 
c a r d s a s n e c e s s a r y (up to 4) as fo l lows : 

Word 1: N u m b e r of d r i f t po in t s (if m o r e than one c a r d for dr i f t , 
(co l . 8-9) t h i s n u m b e r wi l l a p p e a r on f i r s t c a r d on ly ) . 

Word 2: Vol tage of c a r b o n t h e r m o m e t e r . 
( co l . 10-20) 

Word 3: T i m e r e a d i n g for p r e v i o u s vo l t age m e a s u r e m e n t , 
(co l . 25-31) CoL 25; h o u r s ; co l . 2 6 - 2 8 : m i n u t e s ; co l . 2 9 - 3 1 : 

s e c o n d s . 

Word 4: Vol tage of c a r b o n t h e r m o m e t e r , 
(co l . 32-42) 

Word 5: T i m e r e a d i n g for p r e v i o u s vo l t age m e a s u r e m e n t , 
(col . 46-52) Col . 46: h o u r s ; co l . 4 7 - 4 9 : m i n u t e s ; c o l . 5 0 - 5 2 : 

s e c o n d s . 

Word 6: Vol tage of c a r b o n t h e r m o m e t e r , 
(col . 53-62) 

Word 7: T i m e r e a d i n g for p r e v i o u s vo l t age m e a s u r e m e n t , 
(col . 66-72) Col . 66: h o u r s ; co l . 6 7 - 6 9 : m i n u t e s ; c o l . 7 0 - 7 2 : 

s e c o n d s . 



Heating Period Card. The heating period data is made 
up as follows: 

Word 1: Voltage reading of current in carbon thermometer 
(col. 1-9) at some time during previous drift period. 

Word 2: Time reading for previous current measurement , 
(col. 14-21) Col. 14: hours; col. 15-17: minutes; col. 18-20: 

seconds. 

Word 3; Time reading at beginning of heating period. Col. 25: 
(col. 25-31) hours; col. 26-28: minutes; col. 29-31: seconds. 

Word 4: Voltage reading of heating current , in volts, 
(col. 32-42) 

Word 5: Length of heating period. Col. 46-49: seconds; 
(col. 46-52) col. 50-52: sixtieths of a second. 

Word 6: Code word as follows: 
(col. 58-62) Col. 58: Experiment number. 

Col. 59: Run number. 
Col. 60-62: Specific heat point number. 

The last card of a run is a heating period card containing 
only the information of the first two words. 

2. Machine Operation. 

Reader: Standard 72-column. 

Punch: Standard 72-column; used only when switch 6 is UP. 

Pr in ter : Standard SHARE 2 board; used only when switch 6 is UP. 

Sense Switch Settings: 

1: UP unless it is desired to stop after completion of cal ibra
tion curve calculations. 

2: UP unless it is desired to read input data (including He' and 
He tables) from tape 2. 

6: UP unless it is desired to put output on tape 6. The sense 
switch settings are interrogated repeatedly during input and 
output, and a change in their settings is usually immediately 
effective. 

Tapes: Tape 2 contains input (including He ' and He* tables) with 
switch 2 DOWN. 

Tape 6 receives output with switch 6 DOWN. 
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Off- l ine P r o c e s s i n g : P r i n t and punch f r o m t ape 6 u n d e r p r o g r a m 

c o n t r o l . 

Running P r o c e d u r e : " R e a d y " code d e c k fol lowed by He and He 
t a b l e s and d a t a deck in c a r d r e a d e r if swi t ch 2 is U P . 

If swi t ch 2 is DOWN: " R e a d y " code d e c k in c a r d r e a d e r and 
" R e a d y " da t a t ape 2. 

" C l e a r " 

"Load C a r d s " 

P r o b l e m is c o m p l e t e d when a l l d a t a a r e e n t e r e d and 
H P R 77777 a p p e a r s in s t o r a g e l i g h t s . 

To r u n d a t a f r o m a n o t h e r e x p e r i m e n t wi thout load ing in code 
d e c k and H e ' and He* t a b l e s aga in : 

If s w i t c h 2 is U P : " R e a d y " da t a deck in c a r d r e a d e r . 

C o n s o l e s w i t c h e s : 000000000115 

If s w i t c h 2 is DOWN: "Ready" da t a t ape 2. 

C o n s o l e s w i t c h e s : 000000000225 

A u t o m a t i c - M a n u a l Swi tch: M a n u a l 

" E n t e r I n s t r u c t i o n " 

A u t o m a t i c - M a n u a l Swi tch : A u t o m a t i c 

" S t a r t " 

P r o b l e m i s c o m p l e t e d a s a b o v e . 

3. Output 

a. Magne t i c T h e r m o m e t e r . T h i s output g ive s f i r s t t h e v a l u e s 
of the c o n s t a n t s A^ and B_ d e t e r m i n e d by the l e a s t - s q u a r e s a n a l y s i s for the 
m a g n e t i c t h e r m o m e t e r c a l i b r a t i o n c u r v e , then the va lue of /3 which it was 
d e t e r m i n e d gave the b e s t fit to the c a l i b r a t i o n f o r m u l a [ fo rmu la (1)] . 

After t h i s , the va lue s of T, R, and K for the c a l i b r a t i o n 
po in t s u s e d in the l e a s t - s q u a r e s a n a l y s i s above a r e g iven a long wi th the 
d e v i a t i o n s of the e x p e r i m e n t a l va lue s of tc f rom the s m o o t h c u r v e . T h i s 
dev i a t i on is of the fo rm K ( fo rmula eva lua t ed at e x p e r i m e n t a l t e m p e r a t u r e ) 
/c ( e x p e r i m e n t a l ) . Also given for e a c h point i s the code w o r d for t ha t point 
a s d e s c r i b e d under input . 

b . C a l i b r a t i o n . F o r the m a i n c a l i b r a t i o n c u r v e the output 
c o n s i s t s of the coef f ic ien t s as d e t e r m i n e d by the l e a s t - s q u a r e s a n a l y s i s , 
e ach coeff ic ient followed by the code n u m b e r for the funct ion of R to which 
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it applies. Then data for the actual calibration points are listed; the value 
of tempera ture , res i s tance , and two forms of the deviation of the experi
mental points from the formula determined are put out for each calibration 
point. 

c. Specific Heat Analysis. For each experimental heating 
period, a specific heat point is calculated; the output of this calculation 
consists of the specific heat (not curvature corrected), the mean tempera 
ture , and the tempera ture increase AT for the heating period. Also in
cluded is a number indicating how well the temperature drift following the 
heating period is fitted by the straight line put through the drift points. 
This number is the mean of the square of the deviations of the experimental 
points from the straight line. 

B. Curvature Correct ion Program 

1. Input 

The input to the curvature correction program consists 
p r imar i ly of the output of the specific heat calculation program. For each 
run of the previous specific heat calculations, the punched card output for 
that run contains the data, not only for the point plotter, but also for the 
input to the curvature correction program. The code word on these cards , 
in col. 51-60, se rves to identify the data on the cards for the purpose of 
eliminating any points before proceeding with the leas t - squares fit of the 
data in the present p rogram. 

Title Card. The first card read in by the curvature correction 
program is a title card for the data. For this purpose, a title card is 
punched out for each run by the previous program. Care must be taken, 
therefore, to remove any extra title cards from the input data to the curva
ture correct ion program in the case that more than one run is being 
combined as input. 

Specifications Card. The second card read in by the program 
contains the following: 

Word 1: The total number of specific heat points (up to 200) 
(col. 7-9) being put in as input. 

Word 2: The number of t e rms (up to 7) with floating coefficients 
(col. 20) desired to be used in the leas t - squares analysis . 

Word 3: The number of t e rms (up to 7) with constant coefficients 
(col. 31) desired to be used in the least-squares analysis . 

Specific Heat Cards . The next cards read in are the desired 
number of specific heat cards as calculated and punched out from the 
previous program. 



12 

After the spec i f i c h e a t c a r d s a r e the t h r e e c a r d s spec i fy ing 
the a c t u a l f o r m u l a to be u s e d in f i t t ing t he spec i f ic h e a t p o i n t s . All t h r e e 
c a r d s a r e a r r a n g e d in the s a m e m a n n e r : w o r d s 1, 2, 3, 4, 5, 6, and 7 a r e 
in c o l u m n s 1-9, 10 -20 , 2 1 - 3 1 , 32 -42 , 4 3 - 5 2 , 5 3 - 6 2 , and 6 3 - 7 2 , r e s p e c t i v e l y . 

P o w e r s of T, V a r i a b l e C o e f f i c i e n t s . The f i r s t of t h e s e c a r d s 
g i v e s the p o w e r s of T for the t e r m s of the f o r m u l a whose coe f f i c i en t s a r e 
f loa t ing . T h i s wi l l r e q u i r e a s m a n y w o r d s on the c a r d (up to 7) a s a r e 
i n d i c a t e d in w o r d 2 of the s p e c i f i c a t i o n s c a r d . 

P o w e r s of T, C o n s t a n t C o e f f i c i e n t s . The second c a r d g ive s 
the p o w e r s of T for the t e r m s of the f o r m u l a whose coe f f i c i en t s a r e f ixed. 
T h i s wi l l r e q u i r e a s m a n y w o r d s on the c a r d (up to 7) a s a r e i n d i c a t e d by 
w o r d 3 of the s p e c i f i c a t i o n s c a r d . 

C o n s t a n t Coef f i c i en t s C a r d . The l a s t c a r d of the c u r v a t u r e 
c o r r e c t i o n input g ives the fixed coe f f i c i en t s of the t e r m s of t he f o r m u l a 
whose p o w e r s of T a r e g iven in the c o r r e s p o n d i n g w o r d of the p r e v i o u s 
c a r d . 

2. Mach ine O p e r a t i o n 

R e a d e r : S t a n d a r d 7 2 - c o l u m n . 

P u n c h : S t a n d a r d 7 2 - c o l u m n ; u s e d only when s w i t c h 6 is U P . 

P r i n t e r : S t a n d a r d SHARE 2 b o a r d ; u s e d only when s w i t c h 6 is U P . 

Sense Switch Se t t i ngs : 

2: U P u n l e s s it i s d e s i r e d to r e a d input f r o m t ape 2. 

6: U P u n l e s s it i s d e s i r e d to put output on t a p e 6. 

T a p e s : Tape 2 con ta ins input for u s e with swi t ch 2 DOWN. 

Tape 6 r e c e i v e s output with swi tch 6 DOWN. 

Off-l ine P r o c e s s i n g : P r i n t and punch f rom tape 6 u n d e r p r o g r a m 
c o n t r o l . 

Running P r o c e d u r e : "Ready" code deck fol lowed by d a t a d e c k in 
c a r d r e a d e r if swi tch 2 is U P . 

U swi tch 2 is DOWN: "Ready" code d e c k in c a r d r e a d e r and 
"Ready" da ta t ape 2. 

" C l e a r " 

"Load C a r d s " 
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Problem is completed when HPR 11117 appears in storage 
lights. 

To run program again with different data without loading in 
code deck again: 

"Ready" data deck in card reader if switch 2 is UP. 

If switch 2 is DOWN: "Ready" data tape 2. 

Console switches: 000000000027 

Automatic-Manual Switch: Manual 

"Enter Instruction" 

Automatic-Manual Switch: Automatic 

"Start" 

Problem is completed as above. 

3. Output 

The output of the curvature correction program gives the 
powers of T for which coefficients were determined by the leas t - squares 
analysis , the coefficients themselves, and the standard deviations of the 
coefficients. Also printed out for reference are the powers of T which 
had fixed coefficients along with those coefficients. Then is printed out 
the final values of specific heat which have now been curvature corrected, 
the mean tempera tures for these specific heats , the temperature intervals 
of the heating period, and the deviations of the corrected specific heats 
from the smooth function determined by the leas t - squares analysis . 

C. Point Plotter 

For speed and accuracy in plotting the intermediate and final 
resul ts of the various calculations performed by the program, the outputs 
of the severa l par ts of the program have been made to include cards which 
can be fed into the Electronic Associates , Inc. DATAPLOTTER for auto
matic plotting of the points. In all cases , the data for the point plotter 
have been normalized in such a fashion that the largest number of any 
group or run is scaled until it is between 1.0 and 0.1 and the res t of the 
numbers of the group are scaled by the same factor. In this way, all input 
to the point plotter is in the form +O.XXXXXXXX of which only the first 
four significant digits are used by the point plotter. This arrangement 
is necessa ry in order that the sign of the number is alv/ays in the same 
column of the card. However, it means that, when plotting data from 
severa l runs, different runs may be scaled differently and, therefore, the 
scale factor of the point plotter must be changed accordingly. 
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The c o n t e n t s of the output c a r d s f rom the v a r i o u s p a r t s of t he 
p r o g r a m a r e as fo l lows : 

M.T. 

G. 

S.H. 
G .C . 
DATA 
CAKD 
COL. 

T 

T 

T 
T 

+O.XXXXXXJ 

K ( F ) - K ( E ) 

T ( F ) - T ( E ) 

C 
C 

R 

R 

(C) 
: ( F ) - C ( E ) 

KAPPA 
^ 1 i^ 

T(F) T(E) 
(T) 

OMIT 

OMIT 

(DELTA T) 
OMIT 

CODE 

CODE 

CODE 
CODE 

+0 XXSrexxx+O.XXXXxxx+O.XXXXxxx l . U Btmnii 
l2Si+5678SD123it5678c 3123^+56785 3l23'+5678S0l2.34567BS3l2345b7Oy J 

1 2 3 it ^ ) 0 

M.T. = Magnetic Thermometer Data 
C. = C a l i b r a t i o n Data 
S.H. = Spec i f i c Heat Data 
C.C. = Curvature Cor rec t ion Data 

The q u a n t i t i e s in p a r e n t h e s e s a r e t h o s e for the input to the c u r v a 

t u r e c o r r e c t i o n p r o g r a m and a r e not adap t ed for u s e on the point p l o t t e r . 

The quant i ty m a r k e d OMIT c o n s i s t s of e i t h e r a one o r a z e r o , 
depend ing on w h e t h e r the point in ques t i on h a s been u s e d in the c a l c u l a t i o n s 
or has b e e n o m i t t e d , r e s p e c t i v e l y . It i s i n t ended to be u s e d for c o n t r o l l i n g 
the point s y m b o l by which m e a n s o m i t t e d po in t s would be i n d i c a t e d by a 
d i f fe ren t s y m b o l f rom the r e s t . 

1. Ope ra t i ng I n s t r u c t i o n s 

a. P l a c e su i t ab l e g r a p h p a p e r on t ab l e of p l o t t e r . By hand , 
m o v e a r m up and down ove r p a p e r un t i l p a p e r i s l ined up p r o p e r l y (path 
of c u r s o r should be p a r a l l e l to a v e r t i c a l l i ne ) . T u r n VACUUM swi tch 
ON. Smooth out p a p e r . 

p o s i t i o n s : 

Switch 

b . The following s w i t c h e s should be p l a c e d in the i n d i c a t e d 

P o s i t i o n 

VACUUM ON 
LIGHT ON 
POWER ON 
BOARD STANDBY 
P E N U P 
INCREMENT ADVANCE OFF 
TAPE KEYBOARD, CARDS TAPE KEYBOARD 
XY NORMAL, REVERSE NORMAL 
POT SET ZERO SET 
PLOT SEQUENCE A 



15 

NORMAL, NULL NORMAL 
PEN, ARM ARM 
AUTO, MANUAL neutral 

c. Then, as follows: 

BOARD OPERATE 
INCREMENT ADVANCE RESET 
PLOT SELECTOR RESET 
Rotate NULL SENSITIVITY completely clockwise 
Depress STORAGE CLEAR 
Depress STOP 

d. F ree locks on pen and arm helipots. By turning helipot 
knobs, set head above point of desired origin. Call this point (XQ, yo). 
Lock helipots. Depress RESET switch. Point (XQ, yo) has just been plotted. 

e. Of the points to be plotted, select one neares t limit of 
machine. Call this point (xm, ym)- Manually position head over location 
of this point. 

Note: Xj-fj, ym must be greater than zero . 

POT SET XSF 

Depress STORAGE CLEAR 

Type into keyboard: X, sign, |xm-Xo|, PLOT 

Note: on keyboard, + = 0 
- = 1 

Wait until null indicator light goes out. 

POT SET YSF 

Type into keyboard: Y, sign, |ym-yo| j PLOT 

POT SET ZERO SET 

Depress STOP 
Depress RESET 

Point (xj^, y^n) has just been plotted. 

Depress STORAGE CLEAR 
Depress STOP 
Depress RESET 

Point (xo, yo) has again been plotted. 
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f. With head at p o s i t i o n (xo, yo), 

POT SET . . . . . . . . . . . . . . • - . . • • • • • • X P X 

Type into k e y b o a r d X - P a r a l l a x : X, s ign , jxol, P L O T 

Wait un t i l nu l l i n d i c a t o r l ight goes out . 

POT SET - YPX 

Type into k e y b o a r d Y - P a r a l l a x : Y, s ign , jyol , P L O T 

When l ight goes out , 

P O T SET . . . . . . . . . . . . . . . . . - • . - - • • P L O T 

The m a c h i n e is now r e a d y to a c c e p t po in t s to p lo t . 

Note : If the nul l i n d i c a t o r l ight fa i l s to go out , s e t the BOARD s w i t c h to 
STANDBY, d e p r e s s the S T O P and R E S E T b u t t o n s , and r e t u r n BOARD to 
O P E R A T E . 

The a v a i l a b l e point s y m b o l s a r e the fo l lowing: 

0 1 2 3 4 5 6 7 8 9 

To change point s y m b o l , d e p r e s s and k e e p down SYMBOL ADVANCE 
but ton , type into k e y b o a r d the a p p r o p r i a t e n u m b e r , r e l e a s e bu t ton . 

2. Data Input (IBM C a r d s ) 

C a r d f o r m a t i s c o n t r o l l e d by the b o a r d - w i r i n g in the I B M - 5 2 3 
S u m m a r y C a r d Punch ( c a r d r e a d e r ) a s fo l lows : n u m b e r the f i r s t t w e l v e 
h o r i z o n t a l e n t r y poin ts unde r C O M P MAG OR C T R . T O T . EXIT OR M.S . IN 
as 1, 2, • • • , 12. Then p u l s e s to poin ts 1-4 a r e i n t e r p r e t e d a s X - d i g i t s , 
5-8 as Y - d i g i t s , 9 as the s ign of X, 10 as the s ign of Y, 11 as the s y m b o l 
a d v a n c e , and 12 as a c o n t r o l code (not u s e d ) . Wire t h e s e h o l e s f r o m the 
d e s i r e d c a r d c o l u m n s u n d e r PUNCH BRUSHES. 

IV. PROGRAM DETAILS 

A. Magnet ic T h e r m o m e t e r Ca lcu la t ion 

It i s in th i s p a r t of the p r o g r a m tha t the m a n o m e t e r p r e s s u r e 
r e a d i n g s a r e c o n v e r t e d to va lues of abso lu t e t e m p e r a t u r e s . The f o r m u l a s 
for conve r t i ng the m a n o m e t e r r e a d i n g s to r e a d i n g s of a b s o l u t e p r e s s u r e 
in m m of m e r c u r y a r e : 
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For He' oil readings: P = (P2-Pi)(0.078062-0.000058t)/c (3) 

For He' Hg readings: P = (P2-Pi-Z)(0.999428-0.000172t)/c (4) 

For He* oil readings: P = (P2-P;)(0.078062-0.000058t) (5) 

For He* Hg readings: P = (P2-Pi-Z')(0.999428-0.000172t) , (6) 

where P j and Pj are the manometer readings, t is the room temperature 
in °C, C is the correct ion factor for He' purity, Z is the He' mercury 
manometer zero correct ion, and Z' is the He* mercury manometer zero 
correction. 

From the values of p ressu re thus determined, a table look-up is 
performed and a parabolic interpolation is made, using three adjacent 
points of the table. The He' table consists of values of absolute temper
ature and p re s su re in mm of Hg at intervals of 1 millidegree from 0.7 
to 0.9°K, 5 mil l idegrees fromO.9 to 1.4°K, and 10 mill idegrees from 1.4 
to 2.19"K; the He* table has values at intervals of 10 mill idegrees from 
1.4 to 4:39°K. The points from the table used for the interpolation consist 
of two points above and one point below the unknown point. This means 
that He' points above 2.1792°K and He* points above 4.38°K exceed the ef
fective l imits of the tables. 

In the l eas t - squares analysis for the magnetic thermometer , the 
constant (3 of formula (l) is varied by units of 0.001 from -0.010 to +0.021; 
the value of 3 is picked which resul ts in values of A and B from the leas t -
squares analysis giving the best fit to the experimental points. 

The l eas t - squares analysis for the magnetic thermometer also has 
the provision for eliminating from the analysis those points whose devia
tions are abnormally large and which are therefore likely to be in e r r o r . 
This is done by performing the leas t - squares analysis once and then com
paring the deviation of each point from the smooth curve thus determined 
with the deviations of the points immediately adjacent to the point. If the 
square of the deviation of the point in question is more than nine t imes the 
mean of the squares of the deviations of the two preceding and the two fol
lowing points, then the point is thrown out and the analysis is repeated 
without it. Because of the nature of this elimination procedure, the two 
points at the beginning and the two at the end of a set of points are not 
considered for elimination. 

B. Calibration 

The calibration calculations a re done in double precision to assure 
greater accuracy; the routine used is the General Electr ic For t ran II 
Double-Precision Floating Point Package GD-A-01-1. The leas t - squares 
analysis performed for the calibration curve has the same provision as 
described above for throwing out points whose deviations are too large. 
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In the leas t -squares analysis , the points used are weighted, the weight of 
each point being proportional to T so that, other things being equal, the 
deviations in T will tend to be proportional to T [the analysis is performed 
with a formula of the form l / T = f(R)]. 

C. Specific Heat Analysis 

In the calculations of the specific heats , the program f i rs t calculates 
the constants for the straight lines of the fore- and after-drif ts . From the 
equations for the drifts can be found the res is tance of the carbon thermom
eter before and after the heat input extrapolated to the middle of the heating 
time. The method for this can be seen from the following analysis : 

If the carbon thermometer circuit is considered as an impressed 
voltage Ej^ across a combination of the thermometer res is tance R j in ser ies 
with another resistance Rg, then the current I flowing in the circuit can be 
expressed as 

I = ( E b - E T ) / R s . (^) 
where E ^ is the voltage appearing across the carbon thermometer . H the 
voltage across the thermometer at some time is found to be E T J , and the 
current flowing through it at the same time is I^, and if E T E and I2 are the 
voltage and current at some later t ime, then by a ser ies of substitutions 
in equation (7), the following equation can be derived: 

E T ( E T I - E T 2 ) ,g, 

^T = ( I ^ ( E T - E T 2 ) - I 2 ( E T - E T I ) • 

If, therefore, current readings Ij and I2 are taken at t imes tii and ti2 (one 
during each drift period), respectively, then the values of E T I and Ex2 can 
be determined by evaluating the fore-drift equation at t = tji and the after-
drift equation at t = ti^, respectively. With these values, equation (8) can 
be used to find the resis tance of the carbon thermometer for any values of 
E'j', in particular those values obtained by extrapolating the tempera ture 
drifts to the middle of the heating period. The calibration formula is then 
used to find the temperatures of these two points. This immediately yields 
the mean temperature and the temperature increase AT. It is a simple 
matter then to use this to calculate the specific heat according to the formula 

C = M • (9) 

where 1 is the heating current, r and s are the constants for the heater 
resis tance, T is the mean temperature, t is the length of the heating period, 
A and B are the constants for the heat capacity of the empty ca lor imeter , 
and M is the number of moles of sample. 
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D. C u r v a t u r e C o r r e c t i o n 

If the t r u e spec i f i c hea t of a s u b s t a n c e fol lows the f o r m u l a 

C = A T ^ + BT^' + . . . + NT' i , (10) 

t h e n the a m o u n t of h e a t put into the s u b s t a n c e to c a u s e a t e m p e r a t u r e 
r i s e f r o m Tj to T2 would be 

r T 2 
q = / (AT^ + BT^^ + • • • + NT" )dT 

( T f + ^ - T f + ' ) + - ^ ( T | > + ' - Tb^ ' ) + . . . (11) 
a + 1 ^ ' ' ' b + 1 

+ ~ ( T ? + ' - T f « ) (p rov id ing a ,b , . . ., n / - 1) . 

The spec i f i c h e a t a s c a l c u l a t e d by the p r e v i o u s p r o g r a m would then be 

q A(T^+ ' - T f + ') B ( T ^ + ' - T^+') 

T2 - Tl (a + l)(T2 - Tl) (b + l)(T2 - Tl) 

(12) 
N(TP+i - Tii+'^ -1 

" ( n + l)(T2 - Tl) • 

T h e r e f o r e , if the v a l u e s of C*, T, T2 - T i , and a, • • •, n a r e known ( these 
wi l l be r e c o g n i z e d a s the input to the c u r v a t u r e c o r r e c t i o n p r o g r a m ) , then 
a l e a s t - s q u a r e s a n a l y s i s can be p e r f o r m e d on the b a s i s of t h i s equa t ion to 
d e t e r m i n e d i r e c t l y the coef f i c ien t s A, B , • • •, N. When the coe f f i c i en t s A, 
B , • • •, N h a v e b e e n d e t e r m i n e d , then for any e x p e r i m e n t a l va lue of C*, T , 
and T2 - T l , the t r u e , c o r r e c t e d e x p e r i m e n t a l spec i f i c hea t is 

^ / • j - a + i _ Tna+i\ 
C = C* + A T ^ + B T ^ + • • • + N T " ^ ' 

(a + l)(T2 - Tl) 

B(Ti>+' - T^+^) N(TP+i - Tf+i) 

(b + l)(T2 - T,) (n + l)(T2 - Tl) 
(13) 

In p e r f o r m i n g the l e a s t - s q u a r e s a n a l y s i s for t h i s p a r t of the p r o g r a m , 
po in t s wi th too l a r g e a dev i a t i on f r o m the s m o o t h c u r v e a r e t h r o w n out in the 
s a m e m a n n e r as h a s b e e n d e s c r i b e d for the p r e v i o u s l e a s t - s q u a r e s c a l c u l a t i o n s . 

To p r e v e n t l o s s of a c c u r a c y o c c u r r i n g in the so lu t ion of the n o r m a l 
e q u a t i o n s , double p r e c i s i o n i s a l so u s e d in the c a l c u l a t i o n s for t h i s p a r t of 
t he p r o g r a m . 
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PROGRAM STOPS 

The following l i s t g ives the SAP code for e a c h p r o g r a m s t o p , 
a long with the F o r t r a n s t a t e m e n t n u m b e r of the s top i n s t r u c t i o n and the 
F o r t r a n s t a t e m e n t n u m b e r of the i n s t r u c t i o n c a u s i n g the t r a n s f e r to the 
s top c o m m a n d . 

Stop St. No. P r i g . St. No. R e a s o n F o r Stop 

H e ' t a b l e e x c e e d e d . 

He* t a b l e e x c e e d e d . 

Nega t ive t e m p e r a t u r e e n c o u n t e r e d . 

T e m p e r a t u r e g r e a t e r than I C K 
e n c o u n t e r e d . 

Nega t ive t e m p e r a t u r e e n c o u n t e r e d . 

T e m p e r a t u r e g r e a t e r t h a n 10°K 
e n c o u n t e r e d . 

C a l i b r a t i o n c a l c u l a t i o n s c o m p l e t e d ; 

s e n s e swi t ch 1 is DOWN. 

Nega t ive t e m p e r a t u r e e n c o u n t e r e d . 

T e m p e r a t u r e g r e a t e r than 10°K 
e n c o u n t e r e d . 

M T = Magnet ic t h e r m o m e t e r s u b - p r o g r a m 

C = C a l i b r a t i o n s u b - p r o g r a m 

C C = C u r v a t u r e c o r r e c t i o n s u b - p r o g r a m 

H P R 1 

H P R 2 

H P R 4 

H P R 5 

H P R 74 

H P R 75 

H P R 11 

H P R 64 

HPR 65 

999 

998 

996 

995 

996 

995 

412 

996 

995 

M T 21-1 

M T 38-1 

M T 139 

M T 140 

C 344 

C 345 

C 411-1 

C C 138-1 

C C 77 
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P R O G R A M LISTING 

MAGNETIC THERMOMETER SUBPROGRAM 
DIMENSION TABLE3(2,380),TABLEU(2,300),B(8,9),A(8,9),C0EFC(8), 
IR( 100) ,T( )00),OMIT( 100),THERM! 100).KIND(100),NCODE(100),DEV(100), 
2TDEV( 100),LSFN(8 ) , F ( 8 ), ARG( 1*) , SCALE ( U ), NAME t 12) 
COMMON R,T,NAME,NCODE,LSFN,F,C0EFC 
IF (SENSE SWITCH 2) 2,U 

1* READ 1, ( (TABLES! I , J ) , 1= 1, 2 ) , J= 1, 380 ) , ( 1 TABLEUC I , J ) , 1 = 1 ,2 ) , J=l ,300 ) 
READ 3,(NAME( I), 1=1, 12) 
READ 5,NUMBER,ALPHA,H3HGZC,HUHGZC,H3PURC,RSTANR 
GO TO 9 

2 READ INPUT TAPE 2 , 1 , ( ( T A B L E i l I , J ) , 1 = 1 , 2 ) , J = 1 , 3 8 0 ) , ( ! T A B L E U ( I , J ) , 
1 1 = 1 , 2 ) , J = 1 , 3 0 0 ) 

1 FORMAT ( 5 ( F 7 . i + , F 7 . 3 ) ) 
READ INPUT TAPE 2,3,(NAME( I ),1= 1, 12) 

3 FORMAT (12A6) 
READ INPUT TAPE 2,5,NUMBER,ALPHA,H3HGZC,HUHGZC,H3PURC,RSTANR 

5 FORMAT (I9,F1 1.6,Fn.2,Fl 1.2,F10-6,F10.2) 
9 DO 52 1=1,NUMBER 

IF (SENSE SWITCH 2) 6,7 
7 READ 8,PRESS 1,PRESS2,THERM(I),CURR,VOLT,RTEMP,KIND(1),NCODE(I) 

GO TO 10 
6 READ INPUT TAPE 2,8,PRESS 1 ,PRESS2,THERM(I),CURR,VOLT,RTEMP, 
IKINDl1),NCODE(I) 

8 FORMAT (F9.2,F1 1.2,Fn.2,Fn.2,F10.2,F10. 1,13,17) 
10 KINDI = KIND( I ) 

GO TO ( 11, 13, 15,17,52),KINDI 
11 H3PRES=(PRESS2-PRESS1)»!0.07B062-0.000058»RTEMP)/H3PURC 

GO TO 19 
13 H3PRES=(PRESS2-PRESS1-H3HGZC)»(0.999M28-0.000172•RTEMP)/H3PURC 

GO TO 19 
15 HUPRES=(PRESS2-PRESSl)»(0.078062-0.000058»RTEMP ) 

GO TO 36 
17 Hl+PRES=(PRESS2-PRESSl-HUHGZC)»(0.999U28-0.000172»RTEMP) 

GO TO 36 
19 DO 21 J=2,379 

IF (TABLE3(1,J)-H3PRES) 21,23,25 
21 CONTINUE 

GO TO 999 
23 T(I) = TABLE3(2, J) 

GO TO 52 
25 B(1,1)=TABLE3!1,J)-TABLE3(1,J-1) 

B(1,2)=B(i,1)»B(1,1) 
B(1,3)=TABLE3(2,J)-IABLE3(2,J-1) 
6(2,1 )=TABLE3(1,J + 1 )-TABLE3( 1,J-1 ) 
B(2,2) = B(2, 1 )»B(2, 1 ) 
B(2,3)=TABLE3(2,J+1)-TABLE3(2,J-I) 
DEN0M=6(1,1)»B(2,2)-B(2,1)»B(1,2) 
BINT=(B(1,3)»B(2,2)-B(2,3)»B(1,2) )/UENOM 
CINT=(B(1,1)»B(2,3)-B(2,1)»B(),3) )/OFNOM 
T(I) = BINT»(H3PRES-TABLE3( 1 ,J-1 ) )+CINT»(H3PRES-TABLE3( 1,J-1)) 
1»(H3PRES-TABLE3(!,J-1))+TABLE3(2,J-1) 
GO TO 52 
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38 CONTINUE 
GO TO 998 

1*0 T(n=TABLEl*(2,J) 
GO TO 52 

1*2 B(1,1)=TABLEH(1,J)-TABLEU(1,J-1) 
B( 1,2)=B11,1)»B(1,1) 
B(1,3)=TABLEU(2,J)-TABLEl*(2,J-l) 
B(2,1)=TAELEU!1,J+1)-TABLEU(1,J-1) 
B(2,2)=BI2,1)»B(2,1) 
B(2,3)=TABLEU(2,J+1)-TABLEU(2,J-1) 
DEN0M=B(1,1)»B(2,2)-8(2,1)»B(1,2) 
BINT=(B(1,3)»B(2,2)-B(2,3).B(1,2))/0EN0M 
rTMT-fRtl.l)»B12.3)-B(2,1)»B(1,3))/DENOM 
T! I ) = BINi:(HUPRES-TABLEC( 1 , J-n )*CINT.1H.*PRES-TABLEM 1 . J-1 ) ) 
1»(HUPRES-TABLEU(1,J-1))+ TABLEIK 2,J-1) 

52 R(I)=(V0LT»RSTANR)/CURR 
B E T A = - 0 . 0 1 0 
RMSDEV=99999999.0 

55 BI1,1)=0.0 
B( 1,2)=0.0 
B(l,3)=0.0 
B(2,1)=0.0 
B(2,2)=0.0 
B(2,31=0.0 
N0HAGN=1 
DO 72 1=1,NUMBER 
IF (THERMdl) 63,72,63 

63 KINDI = KIND(n 
N0MAGN=2 
GO TO (65,65,65,65,72),KINDI 

65 X K A P P A = 1 . 0 / ( T ( I ) + A L P H A / T ( I ) + B E T A ) 
B( 1, 1)=B(1,1) + 1.0 
B( 1,2)=B(1,2)+XKAPPA 
B( 1,3)=B( 1,3)+THERM(I) 
Bt2,l)=B(1,2) 
B(2,2)=B(2,2)+XKAPPA»XKAPPA 
Bt2,3)=B(2,3)+XKAPPA»THERM(I) 

72 CONTINUE 
GO TO (219,7U),N0MAGN 

Th DENOM=B(1,1)'BI2,2)-BI 2,1)'BI1,2) 
THER^'A=(B( 1,3)»B(2,2)-B(2,3)»B( 1,2) )/DENOM 
THERMB=(B(1,1)»B(2,3)-B(2,1)»B(1,3))/DEN0M 
P=Q.O 
SDEV=0.0 
DO 87 1=1,NUMBER 
IF (THERMd)) 80,86,80 

80 KINDI=KIND1I) 
GO TO (82,82,82,82,86),KIND! 

82 OEV(I)=THERMA+THERMB/(T(n+ALPHA/T(n+BETA)-THERM{I) 
SDEV=SDEV+DEV(I)»DEV(I) 
P=P+1.0 
GO TO 87 
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86 DEV(I)=0.0 
87 CONTINUE 

TMSDEV=SDEV/P 
IF (RMSDEV-TMSDEV) 90,90,93 

90 IF (BETA-0-020) 91,103,103 
91 BETA=BEIA+0-001 

GO TO 55 
93 DO 9U 1=1,NUMBER 
9l» TDEV(I) = DEV(I ) 

RBETA=BETA 
RMSDEV=TMSDEV 
DO 99 J=1,2 
00 99 K=l,3 

99 A(J,K)=B1J,K) 
RTHA=THERMA 
RTHB=THERMB 
GO TO 90 

103 M=1 
OMIT(1)=1.0 
0MIT(2)=1.0 
0MIT(NUMBER-1 ) = 1.0 
OMIT(NUMBER)=I.O 
DO 155 1=1,NUMBER 
IF (THERM!I)) 110, 155, 1 10 

110 KINDI = KIND(n 
GO TO (112,112,112,112,155),KIND! 

112 TM1=0.0 
TM2=0.0 
TPI=10.0 
TP2=10.0 
DO 138 J=1,NUMBER 
IF (THERMlJ) ) 118, 138, 1 18 

118 KINDJ=KINO(J) 
GO TO (120,120,120,120, 138),KINDJ 

120 IF (T(I)-T(J)) 121,138,130 
121 IF 1T(J)-TP2) 122,122,138 
122 IF IT(J)-TPl) 125,125,123 
123 TP2=T!J) 

NP2 = J 
GO TO 138 

125 TP2=TP1 
NP2=NP1 
TP1=T(J) 
NP1 = J 
GO TO 138 

130 IF (T(J)-TM2) 138,131,131 
131 IF IT(J)-TMI) 132,132,131* 
132 TM2=T{J) 

NM2=J 
GO TO 138 

ISU TM2=TM1 
NM2=NM1 
TM1=T(J) 
NM1 = J 
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138 CONTINUE 
139 IF (TM2) 996,lUU,llt0 

l u i i v D E r = ' a C E S ! N M 2 ! ; ) r E : l N M 2 ) . T D E V ( N M n . T D E V ( N M n . T D E V , N P , , 

1 » T D E V ( N P 1 ) + T D E V ( N P 2 ) » T D E V ( N P 2 ) ) / U . O 

ABSMD=TDEV( I )»TDEV( I ) 

IF ! ABSMD-9.0»AVDEV) 1 l tU ,1U6 ,1U6 
11*1* 0 M I T ( I ) = 1.0 

GO TO 155 
l l l 6 O M I T ( I ) = 0 . 0 

M=2 
X K A P P A = 1 . 0 / ( T ( n + A L P H A / T ( I ) + R B E T A ) 

A( 1 , 1) = A( 1,1 ) - 1 . 0 
A( 1 ,2 ) = A( I , 2 ) - X K A P P A 
A ( 2 , 1 ) = A ( 1 , 2 ) 
A ( 2 , 2 ) = A ( 2 , 2 ) - X K A P P A » X K A P P A 
A ( 1 , 3 ) = A ( 1 , 3 ) - T H E R M ( I ) 
A ( 2 , 3 ) = A ( 2 , 3 ) - X K A P P A . T H E R M ( I ) 

155 CONTINUE 
GO TO !1U7,157),M 

157 DENCM=A(I,1)»A|2,2)-A12,1)»A(1,2) 
RTHA=(A(1,3)»A!2,2)-A(2,3)»A(1,21)/OENOM 
RTHB=(A(1,1)»A(2,3)-A(2,1)»A(1,3))/DEN0M 
DO 156 1=1,NUMBER 
IF (THERM(I)) 158,156,158 

158 K I N O I = K I N D ( I ) 
GO TO ( 1 5 9 , 1 5 9 , 1 5 9 , 1 5 9 , 1 5 6 ) , K I N D I 

159 T D E V ( I ) = RTHA + R T H B / ( T ( I ) 4 - A L P H A / T ( I ) + RBETA) -THERM( I ) 
156 CONTINUE 
11*7 IF (SENSE SWITCH 6) 160,1U8 
1U8 PRINT 161, (NAME(n,I = 1,12) 

PRINT 163 
PRINT 165,RTHA.RTHB,ALPHA,RBETA 
PRINT 167 
GO TO 168 

16C WRITE OUTPUT TAPE 6,161,(NAME(11,1=1,12) 
161 FORMAT (1H112A6) 

WRITE OUTPUT TAPE 6,163 
163 FORMAT (/26H VAGNETIC THERMOMETER DATA) 

WRITE OUTPUT TAPE 6,165,RTHA,RTHB,ALPHA,RBETA 
165 FORMAT (/5H A = F10.3,7H B = FlO.lJ.llH ALPHA = F9.6, 

110H BETA = F8.1*) 
WRITE OUTPUT TAPE 6,167 

167 FORMAT (/l»6H T (DEG K) R (OHHSl KAPPA K(F )-K( E1/120X) 
168 ARG(1)=0.0 

ARG(2)=0.0 
ARG(3)=0.0 
ARG(1*) = 0.0 
DO 185 1=1,NUMBER 
IF (THERM(I)) 171*,185, 171* 

17U KINDI=KIND!I ) 
GO TO (177,177,177,177,185),KINDI 
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177 I F ( A B S F ( T ( I ) ) - A R G ( 1 ) ) 1 7 9 , 1 7 9 , 1 7 8 
178 A R G ( 1 ) = A B S F ( T ( I ) ) 
179 IF (ABSF(R(I))-ARG(2)) 181,181,180 
180 ARG(2)=ABSF(R(I)) 
181 IF (ABSF(THERM(I))-ARG(3)) 183,183,182 
182 ARG(3)=ABSF(THERM(I)) 
183 IF (ABSF(TDEV(I))-ARG(U)) 185,185,18U 
181* ARG(1*)=ABSF(TDEV( I ) ) 
185 CONTINUE 

DO 195 1 = 1,1* 
SCALE(I)=1.0 
IF (ARG(I)-I.O) 190,191,192 

188 ARG( n = ARG( I )»10.0 
SCALE! I) = SCALE(I )»10.0 

190 IF !ARG!I)-0.1) 188,195,195 
191 SCALE(I)=SCALE(I)/10.0 
192 ARG(I)=ARG!I)/10.0 

SCALEd )=SCALE(I)/I0.0 
IF (ARG(I)-I-O) 195,192,192 

195 CONTINUE 
DO 211 1=1,NUMBER 
IF (THERM(I)) 198,211,198 

198 KINDI=KIND!I) 
GO TO !199,199,199, 199,211),KINDI 

199 IF (SENSE SWITCH 6) 200,206 
206 IF (OMIT!!)) 99U,208,207 
207 PRINT 202,T! I ),R!I),THERM!I ),TDEV!n,NCODE!n 

GO TO 205 
208 PRINT 20U,TII),RII),THERM!I),TDEV!n,NC0DE1I) 

GO TO 205 
200 IF !OMIT!I)) 991*,203,201 
201 WRITE OUTPUT TAPE 6,202,T! I) ,R(I),THERM!I),TDEV111.NCODE(I) 
202 FORMAT ! IH F9.7, F 1 3. 5, F 1 1 . l*,F 1 3.5,1 12 ) 

GO TO 205 
203 WRITE OUTPUT TAPE 6,20U,T!1 ) ,R!11.THERM!I),TDEV(I),NCODE11) 
20U FORMAT !1H F9.7, F 13.5, F 1 1 .l*,F 13.5 ,1 12, 9H OMIT) 
205 PP1 = T!I)»SCALE! 1 ) 

PP2=R!I)»SCALE!2) 
PP3=THERM! I)»SCALE!3) 
PPl*=TDEV!I)»SCALE!l*) 
IF ISENSE SWITCH 6) 209,212 

212 PUNCH 213,PP1,PPU,PP2,PP3,0MIT!I1,NC0DE!n 
213 FORMAT !F10.7,F10.7,F10.7,F10.7,F10.1,I10) 

GO TO 211 
209 WRITE OUTPUT TAPE 6,210,PPl,PP1*,PP2,PP3,0MIT!I),NC0DE1I) 
210 FORMAT !IHQF10.7,F10.7,F10.7,F10.7,F10.1,1 10) 
211 CONTINUE 

CALL DP120000) 
DO 217 1=1,NUMBER 
KINDI=KIND!I) 
GO TO !217,217,217,217,216),KINDI 

216 T!I)=!!RTHB-!THERM!I)-RTHA)"RBETA)+SORTFI!RTHB-!THERM!I)-RTHAl 
1•RBETA)'IRTHB-!THERM!I)-RTHA)•RBETA)-l*.0»I THERM I I)-RTHA)'ALPHA 
2»!THERM!I)-RTHA)))/!2.0*!THERM!I)-RTHA)) 
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217 CONTINUE 
CALL LVE 

219 CALL CALIBINUMBER) 
IF (SENSE SWITCH 5) 220,221 

220 END FILE 6 
221 STOP 77777 
999 STOP 01 
998 STOP 02 
996 STOP OU 
995 STOP 05 
99U STOP 06 

END!0,1,0,0,1) 
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SUBROUTINE CAL IB!NUMBER) 
01 MEMS I ON LSFN(8),FI8),R!100),T(100),A(8,9),BI 8,9),CCEFC!8) , 
1DEVI 100), TDEV 1 100), OMIT! 100), ARG! I*) , SCALE !1*) , NCODE! 100),NAME( 12) 
COMMON R,T,NAWE,NCODE,LSFN,F,COEFC 
IF (SENSE SWITCH 2) 219,218 

218 READ 220,NC0\ST,ILSFNd),I=1,NC0NST) 
GO TO 221 

219 READ INPUT TAPE 2,220,NCONST,(LSFN(I),1=1,NC0NST1 
220 FORMAT d 9, I 7 , 11*, I 7, 11*, 16, I 5,1 5,1 51 
221 CALL DP!20000) 

NC1=NC0NST+1 
DO 226 1=1,NCONST 
DO 226 J=1,^C1 

226 E(I,J)=0.0 
DO 301* L=l, NUMBER 
CALL LSQFN(NC0NST,L) 

300 W=T!L) 
F(NCn = 1.0/T(L) 
DO 301* 1 = 1,NCONST 
DO 301) J = 1,NC1 

301* E d , J)=Rd, J)+FI I )»F! J)»W 
M=1 

306 DO .308 1=1, NCONST 
DO 308 J=1,NC1 

308 A!I,J)=E!I,J) 
NCM1=NC0NST-1 
DO 318 K=!,NCM1 
L = K + 1 
DC 318 I=L,NCONST 
IF !Ad,K)) 31U,318,31U 

311+ QU0T = A!K,K)/A(I,K) 
DO 317 J=L,NC1 
A!I,J)=A(I,J)»QUOT-A(K,J) 

317 CONTINUE 
318 CCNTUJUE 

J=NCONST 
COEFC!J)=A!J,NC!)/A!J,J) 

320 SIGrA=0.0 
DC 322 I=J,NCONST 

322 SIGMA=SIGMA+COEFC!I)»A!J-1,I) 
COEFC!J-1)=!A(J-1,NC1)-SIGMA)/A(J-1,J-1) 
J=J-1 
IF (J-1) 993.326,320 

326 DO 333 1=1,NUMBER 
CALL LSQFNiNCONST.I) 

329 TCALC=0.0 
DO 333 J=1,NCONST 
TCALC=TCALC+COEFC(J)»F(J) 
DEV!I)=TCALC-1.0/T(I) 

333 TDEV! n = 1.0/TCALC-Td) 
GO TC (335.36U).M 

335 0"IT( 1 )=1.0 
OMIT!2)=I.O 
OMITlNUMEER-1)=1.0 



0MIT!NUMBER)=1.0 
N=2 
CO 360 1=1.NUMBER 

112 TM1=0.0 
TM2=0.0 
TP1=10.0 
TP2=10.0 
DO 138 J=1,NUMBER 

120 IF !Td)-T(J)) 121,138,130 
121 IF !T!J)-TP2) 122,122,138 
122 IF (T!J)-TP1) 125,125,123 
123 TP2=T(J) 

NP2 = J 
GO TO 138 

125 TP2=TP1 
NP2=NP1 
TP1=T(J) 
NP1 = J 
GO TO 138 

130 IF (T(J)-TM2) 138,131,131 
131 IF (T(J)-TMl) I32,132,13U 
132 TM2=T(J) 

NM2 = J 
GO TO 138 

13U TM2=TM1 
NM2=NM1 
TM1=T(J) 
NM1 = J 

138 CONTINUE 
3l*U IF !TM2) 996,31*9,31*5 
31*5 IF ! T P 2 - 1 0 . 0 ) 3 U 6 , 3 U 9 , 9 9 5 
31*6 A V D E V = l D E V ! N M 2 ) » D E V ! N M 2 ) + 0 E V I N M l ) ' D E V ! N M l ) + D E V ( N P n » D E V I N P 1 1 

1 + D E V ! N P 2 ) « O E V I N P 2 ) 1 / l i . O 
ABSMD=DEVd1»DEVd ) 
IF (ARSMD-9.0»AVDEV) 3 1 * 9 . 3 5 1 , 3 5 1 

31*9 0 M I T ! I ) = 1.0 
GO TO 360 

351 O M I T ! I ) = 0 . 0 
N=3 
CALL LSQFN!NCONST,I 1 

355 W=-T! I) 
F!NCn=1.0/T! I) 
DO 359 J=1,NCONST 
DO 359 K=1,NC1 

359 B!J.K)=B(J.K)+F(J)»F(K)»W 
360 CONTINUE 

IF (N-2) 993.36U,362 
362 M=2 

GO TO 306 
36U CALL LVE 

IF (SENSE SWITCH 6) 366.365 
365 PRINT 367,(NAME(I),I=1,12) 
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366 
367 

PRINT 368 
PRINT 370,((COEFCd),LSFN(I)),I=1, 
PRINT 372 
GO TO 373 
WRITE OUTPUT TAPE 6,367,(NAME(I),I 
FORMAT 11H112A6) 

1,NCONST) 

1,12) 

WRITE OUTPUT TAPE 6,368 
368 FORMAT !/35H TEMPERATURE CALIBRATION CURVE DATA/120X) 

WRITE OUTPUT TAPE 6,370,!ICOEFCd),LSFN!I)),I=1.NCONST) 
370 FORMAT !IH E15.8,17) 

WRITE OUTPUT TAPE 6,372 
372 FORMAT !/5lH T !DEG K) R !OHMS) 1/T!F)-1/T!E) T!F)-T!E) 

1/120X) 
373 ARG!1)=0.0 

ARG!2)=0.0 
ARG(3)=0.C 
ARG(U)=0.0 
DO 386 1=1,NUMBER 
IF (ABSF(Td ) )-ARG( 11) 380,380,379 

379 ARG(1)=ABSF(T(I)) 
380 IF (ARSF(R(I) )-ARG(2)) 382,382,381 
381 ARG(2)=ABSF!R!I)) 
382 IF !ABSF!TDEV!I ) )-ARG!3)) 38U,38U,383 
383 ARG(3)=ABSF!TDEV!I)) 
38U IF ! A B S F ! D E V d ) ) -ARG! l * ) ) 3 8 6 , 3 8 6 , 3 8 5 
385 ARG!U)=AESF(DEV!I)) 
386 CONTINUE 

DO 397 1=1,U 
SCALE!I)=1.0 
IF !ARGd)-1.0) 392,393,39U 

390 ARG!I)=ARG!I)»10.0 
SCALE!I)=SCALE!I)»10.0 

392 I F ! A R G ! I ) - 0 . 1 ) 3 9 0 , 3 9 7 , 3 9 7 
393 S C A L E ! I ) = S C A L E ! I ) / 1 0 . 0 
39U A R G d ) = A R G d ) / 1 0 . 0 

S C A L E d ) = S C A L E d ) / 1 0 . 0 
I F ! A R G ! I ) - 1 . 0 ) 3 9 7 , 3 9 U , 3 9 l * 

397 CONTINUE 
DO U n 1 = 1,NUMBER 
I F ISENSE SWITCH 61 3 9 9 , 3 9 8 

398 I F ( O M I T ! ! ) ) 992,1*07,1*06 
U06 PRINT 1*01,T! I ) , R d ) . D E V d ) . T D E V ( I ) , N C O D E ! I ) 

GO TO 1*05 
U07 PRINT l*Ol*.T! n . R i n . D E V d I . T D E V d l . N C O D E d l 

GO TO 1*05 
399 I F l O M I T d ) ) 992.1*03.UOO 
1*00 WRITE OUTPUT TAPE 6, UOl, Td ) ,Rd 1 ,DEVI I ) ,TDEVI I 1 .NCODE ! I) 
1*01 FORMAT !1H F9.7,F 1 3.5, F 1 5.8,F 13.8. I 12) 

GO TO U05 
U03 WRITE OUTPUT TAPE 6. UOl*. T! I) ,Rd ) .DEVI I) .TDEVd ) .NCODE ! I ) 
l*0U FORMAT !1H F9.7. F 1 3.5, F 15.8,Fl3.8,1 12,9H OMIT) 
1*05 PP1 = T!I I^SCALE! 1) 

PP2=R!I)^SCALE!2) 
PP3=T0EV(I)»SCALE(3) 
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PPlt = OEV!I )»SCALE!1*) 
IF !SENSE SWITCH 6) U09,l*08 

1*08 PUNCH 1*20,PPl.PP3,PP2.PPU.0MITd),NC0DE!I) 
U20 FORMAT ! F 10.7.F10.7,F10.7,F10.7,F10.1.I 10) 

1*09 WRITE OUTPUT TAPE 6. U 1 0.PP 1.PP3. PP2. PPU, OMITd ) .NCODE ! I ) 
U10 FORMAT !1HQF10.7.F10.7,F10.7,F10.7,F10.1.I10) 

1*11 CONTINUE 
IF ISEMSE SWITCH 1) 991.U13 

996 STOP 7U 
995 STOP 75 
993 STOP 07 
992 STOP 10 
991 IF ISENSE SWITCH 6) 1*16,1*12 
1*16 END FILE 6 
1*12 STOP 11 
1*13 IF ISENSE SWITCH 2) 1*18.1*17 
U17 READ UIU.NRUNS 

GO TO 1*19 
1*18 READ INPUT TAPE 2. U1 l*,NRUNS 
1*1U FOR^'AT !I9) 
1*19 DO U15 I = 1.NRUNS 

CALL SPHTFNINCONST) 
U15 CONTINUE 

RETURN 
END!0,1,0.0, 1 ) 
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SUBROUTINE SPHTFNINCONST) 
DIMENSION EDRIFT!12),OTIMEH!121.DTIMEMI12).DTIHES(12),DEV(12). 
1NCODE(2001.COEFC!8).F!8).ARG!2).SCALE!2).CP!200),T(199),DELTAT 
2!200).NDUMMY! 100).NAME!12),R(1).LSFN(8) 
COMMON R.T.NAME.NDUMMY,LSFN.F,COEFC 
IF ISENSE SWITCH 2) 1*11*.U13 

1*13 READ U15.NL00P 
READ l*17.HRESA,HRESB,RSTANH,RSTANR.CALA.CALB,XM0LES 
GO TO U18 

1*1U READ INPUT TAPE 2.U15.NL00P 
1*15 FORMAT 1191 

READ INPUT TAPE 2. I* 17,HRESA,HRESB,RSTANH,RSTANR,CALA,CALB,XMOLES 
1*17 FORMAT !F9.3,F11.1*,F11.2,F11.2,F10.1*,F10.1*,F10.6) 
1*18 LVED=1 
1*19 RAK=1.0 

RBK=0.0 
RCK=0-0 
RDK=0.0 
REK=0.0 
RFK=0.0 
IF (SENSE SWITCH 2) 1+25,1*21* 

U2U READ U26,NDRIFT,(EDRIFT(I),DTIMEH(I),DTIMEM!I),DTIMESII ), 
1I=1,NDRIFT) 
GO TO U?7 

1*25 READ INPUT TAPE 2.U26.NDRIFT.!EDRIFT!I).DTIMEH!I) .OTIMEM! 11 . 
1DTIVES!I).I=1.NDRIFT) 

1*26 FOR"AT !I9.F11.2.F5.0,F3.0.F3.0.F11.2.Fl*.O.F3.0,F3.0.F10.2.FU.O, 
1F3.0.F3.0.3!/ F20.2.F5-O.F3.0.F3.0.F11.2,Fl*.O.F3.0.F3.0.F10.2. 
2Fl*.O.F3.0.F3.0) ) 

1*27 DO 1*28 I = 1.NDRIFT 
1*28 DTIMES!I) = DTIMES!I)+60.0»!DTIMEMI11+60.0^DTIMEH(I 1) 

DO 1+35 I=2.NDRIFT 
RAK=RAK+1.0 
RBK=RBK + DTIMES!n-DTIMES! 1) 
RCK=RBK 
R D K = R D K + ! D T I M E S ! I ) - D T I M E S ! 1 ) ) • ! D T I M E S d ) - D T I M E S ! 1 1 ) 
R E K = R E K + E D R I F T ! I ) - E D R I F T ! 1 ) 

1*35 R F K = R F K + ! E D R I F T ! I ) - E D R I F T ! 1 ) ) • ! D T I M E S ! I ) - D T I M E S ! 1 1 ) 
DENOM=RAK»RDK-RCK»RBK 
Y02=!RAK^RFK-RCK»REK) /DEN0M 
XD2=!REK»RDK-RFK»RBK)/DEN0M + E D R I F T ! 1 ) - Y D 2 » D T I M E S ! 1) 
SDEV=0.0 
DO 1*1*2 I = 1,NDRIFT 
D E V ! I ) = X D 2 + Y D 2 « D T I M E S d 1 - E 0 R I F T d ) 

UU2 S D E V = S D E V + D E V ! n » D E V ! I ) 
DNBR=NDRIFT 
SDEV=SDEV/DNBR 
GO TO !l*l*5.l*67),LVED 

1*1*5 IF ISENSE SWITCH 6) Ul*6.l*l*U 
l»l*U PRINT Ul*7. !NAMEd ). 1 = 1. 121 

PRINT 1*1*8 
PRINT 1*50 
PRINT 1*52.SDEV 
PUNCH i*60.(NAME!I).I = 1.12) 



U60 FORMAT !12A6) 
GO TO 1*53 

l*U6 WRITE OUTPUT TAPE 6.Ul*7, ! NAME ! I ) , 1 = 1 . 1 2 ) 
UU7 FORMAT !1H112A6) 

WRITE OUTPUT TAPE 6. UU9. ! NAME d ). 1 = 1. 12) 
l*U9 FORMAT ! 1HQ12A6) 

WRITE OUTPUT TAPE 6.UU8 
UU8 FORMAT I/33H UNCORRECTED SPECIFIC HEAT OUTPUT) 

WRITE OUTPUT TAPE 6.U50 
1*50 FORMAT !/5lH C IMJ) T IDEG K) DELTA T 

1/I20X) 
WRITE OUTPUT TAPE 6.U52.SCEV 

U52 FORMAT !37X.F1U.3) 
U53 LVEHTG=1 

K=0 
1*56 IF !SENSE SWITCH 2) 1*51*.1*57 
1*57 READ U55,RESI2.TRESIH,TRESIM,TRESIS.BTIMEH.BTIMEM.BTIMES.EHTG2, 

1HTIMES,HTIMEF,NC0DE!K+n 
GO TO 1*58 

U5U READ INPUT TAPE 2.U55.RES I 2.TRESIH.TRESIM,TRESIS,BTIMEH.BTI MEM. 
1BTIMES,EHTG2.HTIMES.HTIMEF.NC0DE!K+1) 

1*55 FORMAT !F9.2.F5.0.F3.0.F3.0,F5.0.F3.0.F3.0.F11.5.F7.0.F3.0.I10) 
U58 RESI2=RESI2/RSTANR 

TRESI2=TRESIS+60.0»!TRESIM+60.0»TRESIH) 
BTIME2=BTIMES+60.0»!BTIME"+60.0»BTIMEH) 
HTI^'E2 = HTIMES+HTI^"EF/60.0 
EHTG2=EHTG2/RSTANH 
GO TO IU62,l*7U),LVEHTG 

U62 ARG! 1 1=0.0 
ARG!2)=0.0 
DO 509 K=1.NL00P 
YD1=YD2 
XD1=XD2 
LVED=2 
GO TO 1*19 

1*67 RESI1 = RESI2 
TRESI1=TRESI2 
BTIME1,= ETIME2 
EHTG1=EHTG2 
HTI''E1 = HTIME2 
LVEHTG=2 
GO TC 1*56 

U7U ERESI1=XD1+YD1»TRESI1 
ERESI2=XC2+YD?*TRESI2 
T1MEAN=BTIMEl+HTIMEl/2.0 
EXTE1=XD1+YD1»T1MEAN 
EXTE2=XD2+YD2»T1MEAN 
EXTR1=EXTE1»iERESIl-ERESI2)/IRESI1»!EXTE1-ERESI2)-RESI2»!EXTE1 
1-ERESI 1) ) 
EXTR2=EXTE2»1ERESI1-ERESI2)/!RESI1•!EXTE2-ERESI 2)-RES I2»(EXTE2 
1-ERESI 1 ) ) 
CALL DP(20000) 
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U85 

1*87 

1*91 

1*93 

500 

501 
502 
503 
SOU 
505 
506 
509 

513 

515 
516 
517 

520 

523 
527 

52U 
525 
526 

R( 1 )=EXTR1 
CALL LSQFNINCONST.I) 
CALL LVE 
TEMP1=0.0 
DO U87 J=l.NCONST 
TEMP1=TEMP1+C0EFCIJ)»F(J) 
TEMP1=1.0/TEMP1 
CALL DP!20000) 
R! 1 ) = EXTR2 
CALL LSQFNINCONST.I) 
CALL LVE 
TEMP2=0.0 
DO U93 J=1,NCONST 
TEMP2=TEMP2+C0EFC!J1»F!J) 
TEMP2=1.0/TEMP2 
T(K)=!TEMP1+TEMP21/2.0 
CPCAL=!CALA»T!K)»T!K)+CALB)^T!K) 
DELTAT!K)=TEMP2-TEMP1 
RESHTR=HRESA+HRESB»T(K1 
CP!K)=!EHTG1»EHTG1»RESHTR^HTIME1/DELTAT!K1»1000.0-CPCAL)/XMOLES 
IF ISENSE SWITCH 6) 501.500 
PRINT 502.CP!K).T!K).DELTAT!K).SDEV.NCOOEIK) 
GO TO 503 
WRITE OUTPUT TAPE 6.502.CP!K).T!K).DELTAT!K).SDEV.NCODE ! K 1 
FORMAT I1H F10.5,F13.8,F13.8,F1U.3,I12) 
I F ! A B S F ! C P I K ) ) - A R G ! 1 ) ) 5 0 5 , 5 0 5 , 5 0 U 
A R G ! 1 ) = A B S F ! C P ! K ) ) 
IF !ABSF!T!K))-ARG!2)) 509,509,506 
ARGI2)=ABSF!T!K)) 
CONTINUE 
DO 520 1=1,2 
SCALE!11=1.0 
IF !ARGd)-1.0) 515,516,517 
ARG!I)=ARG(I)»10.0 
SCALE(I)=SCALE(I)»10.0 
IF ( A R G d ) - O . l ) 5 1 3 , 5 2 0 , 5 2 0 
S C A L E ( I ) = S C A L E d ) / 1 0 . 0 
A R G d ) = A R G d ) / 1 0 . 0 
S C A L E d ) = S C A L E ( I ) / 1 0 . 0 
IF ( A R G ( I ) - I . O ) 5 2 0 , 5 1 7 , 5 1 7 
CONTINUE 
DO 526 K = 1 , N L 0 0 P 
P P 1 = C P ( K ) » S C A L E I 1 ) 
P P 2 = T I K ) » S C A L E ! 2 1 
I F ISENSE SWITCH 6) 5 2 U , 5 2 3 
PUNCH 5 2 7 , P P 2 , P P 1 , C P ! K ) , T ! K 1 , D E L T A T I K 1 , N C O D E ! K ) 
FORMAT ! F 1 0 . 7 , F 1 0 . 7 , F 1 0 . 5 , F 1 0 . 7 , F 1 0 . 7 , I 1 0 ) 
GO TO 526 
WRITE OUTPUT TAPE 6 , 5 2 5 , P P 2 , P P 1 , C P ( K 1 . T ! K ) . D E L T A T ! K ) . N C O D E ! K I 
FORMAT ! 1 H Q F 1 0 . 7 . F 1 0 . 7 . F 1 0 . 5 . F 1 0 . 7 . F 1 0 . 7 . I 1 0 1 
CONTINUE 
RETURN 
E N D ! 0 . 1 . 0 . 0 . 1 ) 
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SUBROUTINE LSQFN INCONST. L 1 „̂̂ c:rrai M&MFfl71 
DIMENSION R! 100),T!100),NCODE!100).LSFN!8).F(8).COEFCI 8),NAME(121 
COMMON R.T.NAME.NCODE.LSFN.F.COEFC 

229 DO 298 1=1,NCONST 
GO To'!232.23U,236.238.2U0.2U2.2UU.2U6.2U8.250,252.25U,256,258, 
1260.262.26;.26;.268.270.272.27U.276.27B.280,282.28U.286.288.290. 

2292.29U,296).LSFNI 
232 F! 11 = 1. 0/!R!L)^R!L) •RID'RID "RID) 

GO TO 298 
23U F( I) = 1.0/(R(L)»R(L1»R(L1»R(L)) 

GO TO 298 
236 F(n=1.0/(R(L)^R(L)»R(L)) 

GO TO 298 
238 Fd)=1.0/(R(L)»R(L)^SQRTF(R(L1) 1 

GO TD 298 
2U0 F(I)=1.0/(R(L)»R(L)) 

GO TO 298 
2U2 Fd) = 1.0/(R(L)»SQRTF(R(L11) 

GO TO 298 
2UU F(I)=1.0/R(L) 

GO TO 298 
2U6 Fd)=1.0/SQRTF(R(L)) 

GO TO 298 
2U8 Fd ) = 1.0 

GO TO 298 
250 Fd) = SQRTF(R(L)) 

GO TC 298 
252 F(n=R(L) 

GO TO 298 
25U Fd) = R(L)»SQRTF(R(L) ) 

GO TO 298 
256 F(I) = R(L)»R(L ) 

GO TO 298 
258 F(n=R(L)»R(L)^SQRTF!R!Ln 

GO TO 298 
260 F!n = R!L)»R!L)»R!L) 

GO TO 298 
262 Fd)=R!L)^RIL)»R(L)»R!L) 

GO TO 298 
26U Fd)=R!L)»R!L)»RIL)»R!L1»RIL) 

GO TO 298 
266 F!I)=1.0/EXPF!R!L)/2.0) 

GO TO 298 
268 FlI)=1.0/EXPF!R!L)) 

GO TO 298 
270 F!I)=1.0/EXPF!2.0»R!L)) 

GO TO 298 
272 F!I)=1.0/EXPF!3.0»RIL)) 

GO TO 298 
27U FII)=EXPF!R!L)/2.0) 

GO TO 298 
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276 F!I)=EXPFIR!L)) 
GO TO 298 

278 Fd) = EXPF!2.0»R(L)) 
GO TO 298 

280 FII) = EXPF!3.0»R!Ln 
GO TO 298 

282 Fd1=1.0/SQRTFIL0GFIRIL) n 
GO TO 298 

28U F!I)=1-C/L0GF!R!L)) 
GO TD 298 

286 F! n = 1.0/!LOGFIR!L))»LOGF(RIL))) 
GO TO 298 

288 FII)=1.0/!L0GF!R!L))»LOGFIR!L))»L0GF(RIL))1 
GO TO 298 

290 Fd)=SORTF!LOGF!R(L))) 
GO TO 298 

292 Fd )=LOGF!R!L)) 
GO TC 298 

29U Fd)=LOGF!R!L))»LOGF!R!L)) 
GO TO 298 

296 F!I1=LOGFIR!L))»LOGFIR!L))»LOGFIR!L)) 
298 CONTINUE 

RETURN 
ENDIO,1.0,0, 1 ) 
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PAT ROACH CURVATURE CORRECTION PROGRAM „,„,,--, nMtTfPnO) DIMENSI0NTI2O0).CPI200).DTI200).NCODE!200),DEV!200).OMITI200 . 

X N A M E ! 1 2 1 , A R G ( 3 ) , S C A L E ( 3 ) , A ( 7 , 1 5 ) . B ( 7 . 1 5 ) . V C 0 E F S ( 7 ) . C C 0 E F S ( 7 ) . 

X C 0 E F W ( 7 . 1 5 ) . S T D ( 7 ) , C P F N ( 8 ) , P V A R ( 7 ) , P C 0 N S T ( 7 ) 
IF !SENSESWITCH2)2 ,1 

1 R E A D 3 , I N A M E ! I ) . I = 1 . 1 2 ) 
READ5.NUMBER.NVAR.NCONST 
R E A D 7 , ! C P d ) . T ! I ) . D T ! I ) . N C 0 D E d ) . I = l . N U M B E R ) 

R E A D 9 . ! P V A R d ) , I = ! . N V A R ) 
R E A D 1 1 . ! P C 0 N S T ! I ) . I = 1 . N C 0 N S T ) 
R E A D 1 3 . ( C C O E F S ( n . 1 = 1 . N C O N S T ) 

G0T01U 
2 READINPUTTAPE2,3.INAME(II,1=1.12) 
3 FORMAT(12A6) 

READINPUTTAPE2.5.NUMBER.NVAR.NC0NST 
5 F0RMAT(I9,I1 1.11 1) , „^„, 

READINPUTTAPE2,7.(CPd).T(I).DTd),NCCDEd).I = 1.NUMBER1 
7 FORMAT(20XF10.5.F10.7.F10.8.I10) 

READINPUTTAPE2.9, (PVARd) ,1 = I.N VAR) 
9 F0RMAT!F9.1.3(F11.1),3!F1C.l)) 

READINPUTTAPE2,n. (PC0NST( I ), I = 1 . NCONST ) 
1 1 F0RMAT(F9.1,3(F11.1),3(F1C.1)) 

READINPUTTAPE2,13,(CCOEFSd).I=1.NCCNST) 
13 FORMAT(F9.6.3(Fl1.6).31F10.6)) 
1U CALLCP!20000) 

D017I=1,7 
D017J = 1, 15 

17 AlI.J)=0.0 
NVP1=NVAR+1 
D033I=1.NUMBER 
T T W O = T ( I ) + D T ( 1 1 / 2 . 0 
TCNE = T d ) - D T ( n / 2 . 0 
D023J=1,NVAR 
P = P V A R ( J ) + 1 . 0 

2 3 CPFN(J)=(PWR(TTWO,P)-PWR(TCKE,P))/(P»(TTWO-TONE)) 
SUMC=0.0 
Db27J=1,NCONST 
P=PCONST!J)+1.0 

27 SUMC = SUMC + CCOeFS! J)*(PWR(TTWO.P)-PWR(TONE.P))/(P«iTTWO-TONE ) 1 
CPFN(NVP1 )=CP! I)-SU^•C 
CP(I)=CPFN(NVP1) 
LVECPM=1 
D033J=1,NVAR 
D033K=1,NVP1 

33 fl(J,K)=A(J,K)+CPFN(J)»CPFV(K) 
NVPNV = NVPl+-r;VAR 
D039I=1,NVAR 
NDU^'"Y = NVP1 + I 
A(I.NDUMMY)=1.0 
D039J=1,NVPNV 

39 B(I,J)=A(I.J) 
NVM1=NVAR-1 
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Ul 

U5 

U8 
U9 

51 
52 

5U 

58 

6U 
69 

71 

112 

120 
121 
122 
123 

125 

130 
131 
132 

D0U9K=1.NVM1 
L=K + 1 
D0U9I=L.NVAR 
I F I B d . K ) )U5.U9,U5 
OUOT=B!K.K)/B!I,K) 
00U8J=L,NVPNV 
Bd,J)=B!I,J)»QUOT-B!K,J) 
CONTINUE 
CONTINUE 
J=NVAR 
VCOEFS!J)=B!J,J+1)/BIJ,J) 
IF!J-l)986,58,52 
SIGMA=0.0 
D05UI=J,NVAR 
SIGMA=SIGMA+VCOEFS!I)»B!J-1.1) 
VCOEFS!J-1)=!BIJ-1.NVP1)-SIGMA)/B!J-1,J-1) 
J = J-1 
G0TO51 
D069I=1,NUMBER 
TTWO=T!I)+DT!I)/2.0 
T0NE = T!I)-DTI I)/2.0 
SUMV=0.0 
D06UJ=1,NVAR 
P=PVARIJ)+1.0 
SUMV=SUMV+VCOEFSIJ)»!PWR!TTWO.P)-PWR!TONE. 
D E V d ) = SUMV-CPII) 
G0T0I71,lOOI.LVECPM 
OMIT! 1 ) = 1.0 
0MIT!2)=1.0 
OMITINUMBER-11=1.0 
0MIT!NU"BER)=1.0 
N=0 
D093I=1.NUMBER 
TM1=0.0 
TM2=0.0 
TP1=10.0 
TP2=10.0 
00138J=1.NUMBER 
IF ! T d ) - T I J ) ) 121.138,130 
IF!T!J)-TP2)122,122.138 
IFITIJ)-TP1) 125. 125. 123 
TP2=T!J) 
NP2 = J 
GO TO 138 
TP2=TP1 
NP2=NP1 
TP1=T!J) 
NP1=J 
G0T0133 
IF(T(J)-TM2) 138,131.131 
IFITIJ)-TM1)132,132.13U 
TM2=TIJ) 
N^"2 = J 
GO TO 138 

P) )/IP ITTWO-TONE)) 
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13U TM2=TM1 
NM2=NM1 
TM1=TIJI 
NM1 = J 

138 CONTINUE 
IF!TM2)996,81.77 

77 IF!TP2-10.0)78.81.995 ,, ^,,.,„,. 
78 AVDEV=!DEV!NM2)»DEV!NM2)+DEVINM1)»DEVINMn+DEVINP l1»DEVINP11 

1+DEV!NP2)«DEVINP2))/U.0 
ABSMD=DEVII)»DEV!I) 
IF!ABSMD-9.0«AVDEV)81.83.83 

81 OWITII)=1.0 
GOT093 

83 OMIT!I)=0.0 
N=1 
TTW0=T!I)+DT!I)/2.0 
TONE=T!I)-DT!I)/2.0 
D088J=1.NVAR 
P=PVAR!J)+1.0 

88 CPFN!J)=!PWR(TTWO,P)-PWR!T0NE.P)1/!P»ITTWO-TONE)) 
CPFN!NVP11=CP!1) 
D092J=1.NVAR 
D092K=1,NVP1 

92 A!J,K)=A(J,K)-CPFN(J)»CPFN(K) 
93 CONTINUE 

IF(N)985.100,95 
95 LVECPM=2 

D098I=1,NVAR 
D09aj=1,NVPNV 

98 B( I.J)=Ad,J) 
GOTCUl 

100 NVP2=NVAR+2 
D0109J=NVP2.NVPNV 
K=NVAR 
COEFW(K.J)=E(K.J)/B(K.K) 

102 IF(K+NVP1-J)98U,109.103 
103 SIG"A=0.0 

D0105I=K,NVAR 
105 SIGMA = SIGMA + CCEFW!I.J1'BIK-1 .I) 

COEFWIK-I,J)=(B(K-1.J)-SIGMA)/B(K-1,K-11 
K = K-1 
GOT0102 

109 CONTINUE 
SUMNO=0.0 
SUMV2=0.C 
D01UUI=1.NUMEER 
IF(0*'IT( I ) )983. lUU. 1U2 

1U2 SU''V2 = SÛ 'V2 + DCV( I )»DEV(I ) 
SUMN0 = SUrNC*-l-0 

1UU CONTINUE 
FNNC=NVAR 
SUMN0=SUMNO-FNN0 
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D01U9I=1.NVAR 
NDUMMY=I+NVP1 

1U9 STD(I)=SQRTF(SUMV2»ABSF(C0EFW(I,NDUMMY)1/SUMN0) 
CALLLVE 
IF(SENSESWITCH6)151,150 

150 PRINT152, !NAMEin,I = 1. 12) 
PRINT15U 
PRINT156 
PRINT158 
PRINT 160.IPVARd).I = 1.NVAR) 
PRINT162 
PRINT16U.IVCOEFS!n.I=1.NVAR) 
PR1NT166 
PR I NT 168,!STD!I),I = 1,NVAR) 
PRINT170 
PRINT 172,IPCONSTII),I = 1,NCONST) 
PRINT17U 
PRINT176,ICCOEFS!11,1 = 1,NC0NST1 
PRINT178 
G0T0179 

151 WRITE0UTPUTTAPE6,152,!NA«E!I),I=1,12) 
152 FORMAT!1H112A6) 

WRITE0UTPUTTAPE6,15U 
15U F0R«'AT!/31H CORRECTED SPECIFIC HEAT OUTPUT) 

WRITE0UTPUTTAPE6.156 
156 F0RMATI//30X21HVARIABLE COEFFICIENTS) 

WRITE0UTPUTTAPE6,158 
158 F0RMATI/35X11HP0WERS OF T) 

WRITE0UTPUTTAPE6.160.(PVAR!I).I=1.NVAR) 
160 FORMATI/IH 7F15.8) 

WRITE0UTPUTTAPE6.162 
162 F0RMATI/3UX12HC0EFFICIENTS) 

WRITE0UTPUTTAPE6.16U.IVCOEFSI I).I=1.NVAR1 
16U FORMATI/IH 7F15.8) 

WRITE0UTPUTTAPE6,166 
166 F0RMATI/31X19HSTANDARD DEVIATIONS) 

WRITE0UTPUTTAPE6,168.(STDd).1=1.NVAR) 
168 FOR^ATI/lH 7F15.8) 

WRITE0JTPUTTAPE6, 170 
170 FORMATI//30X21HCONSTANT COEFFICIENTS,//35X11HP0VERS OF T) 

WRITE0UTPUTTAPE6.172.IPCONST!I).1=1.NCONST) 
172 F0R"ATI/1H 7F15.8) 

WRITE0UTPUTTAPE6,17U 
17U F0R"ATI/3UX12HCCEFFICIENTS) 

WRITE0UTPUTTAPE6,176.ICCOEFS(I).I=1.NCONST) 
176 FORMAK/IH 7F 15.8) 

WRITE0UTPUTTAPE6,178 

178 F0RMAT(//51H C (MJ) T (DEG K) DELTA T C(FI-CIE) 
1/120X) 

179 ARG(11=0.0 
ARGI2)=0.0 
ARG(3)=0.C 
DO20UI=1.NUMBER 
CALLDP[20000) 



40 

SUMV=0-0 
D0186J=1.NVAR 

186 SUMV=SUMV<-VCOEFS( J)»PWR(T! I ) ,PVAR! J) 1 
SUMC=0.0 
D01R9J= 1.NCONST 

189 SUMC=SUMC+CCOEFS!J)»PWR!TIII.PCONST!J)) 
CPd ) = SUMV + SUMC-DEV( I ) 
CALLLVE 
IF(SENSESWITCH6)192.190 

190 IF(OMIT(I))982,18R,187 
187 PRINT19U.CPd ).Td) ,DTd ).DEV(I ) .NCODE (I ) 

G0T0198 
188 PRINT197.CPd l.Tdl.DTd ).DEV(I ). NCODE (I ) 

G0T019S 
192 IFlOMITd ) )9R?. 196. 193 
193 wRITE0UTPUTTAt>E6,19U.CPd).T(n.DT(I).DEV(I).NC0DE(n 
19U F0RMAT(1H F10.5.F13.8.F13.8,F1U.7.1 12) 

G0TC198 
196 WRITE0UTPUTTAPE6.197.CPd).T(I).DTd),DEV(I).NCODE(I) 
197 F0RMAT(1H F 1 0 .5,F 1 3.8.F13.8.FlU.7,1 12,9H OMIT) 
198 IF(AESF(CP(I))-ARG!1))200,200,1 99 
199 ARG(l)=ABSF(CPd)) 
200 IF(ABSF(Td) )-ARG(2) 1202,202.201 
201 ARG12)=ABSF(Td ) ) 
202 I F ( A B S F ( D E V ( I ) ) - A R G ( 3 ) ) 2 C U . 2 0 U . 2 0 3 
203 ARG(3) = A B S F l D E V d ) ) 
20U CONTINUE 

0 0 2 1 5 1 = 1 . 3 
S C A L E ! I ) = 1 . 0 
I F ( A R G ( I ) - 1 . 0 ) 2 1 0 . 2 1 1 .212 

208 A R G d ) = A R G ( n » 1 0 . 0 
S C A L E ( I ) = S C A L E ( I ) * 1 0 . 0 

210 I F ( A R G d ) - 0 . 1 1 2 0 8 . 2 1 5 . 2 1 5 
211 S C A L E d )=SCALE! n / 1 0 . 0 
212 A R G ! I ) = A R G ! 1 1 / 1 0 . 0 

S C A L E ! I ) = S C A L E ( I ) / 1 0 . 0 
I F ( A R G ( I ) - 1 . 0 ) 2 1 5 . 2 1 2 . 2 1 2 

215 CONTINUE 
D0222I=1,NUMBER 
PP1 = C P ! I ) » S C A L E ( 1) 
PP2 = T ( I )»SCALE(2 ) 
P P 3 = D E V i I ) » S C A L E ( 3 ) 
I F ! S E N S E S W I T C H 6 ) 2 2 0 . 2 1 9 

219 P U N C H 2 2 5 , P P 2 , P P 1 . P P 3 , 0 M I T ( I ) . N C O D E ( I ) 
221 FORMAT( 1 H O F 1 0 . 7 , F 1 0 . 7 . F 1 0 . 7 . 1 0 X F 1 0 . 1 , I 1 0 ) 

G0TC222 
220 W R I T E 0 U T P U T T A P E 6 , 2 2 1 , P P ? . P P 1 . P P 3 . 0 M I T ( I ) . N C O D E ( I ) 
225 FORf^ATl F l O . ' ' , F 1 0 , 7 , F 1 0 . 7 , l O X . F I O . 1 , 1 1 0 ) 
222 CONTINUE 

IF(SENSESWITCH6)2?3,22U 
223 ENDFILE6 
22U ST0P77777 
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996 ST0P6U 
995 ST0P65 
986 ST0P16 
985 STCP17 
98U ST0P20 
983 ST0P21 
982 ST0P22 

END(0. 1.0.0, 11 



42 

FUNCTIONPWR(T.P) 
G0T013 

1 IF(P+5.0)22,2U,2 
2 IF(P+U.5)22,26,22 
3 IF(P+U.O)1.28,5 
U IF(P+3.5)22,30,22 
5 IFiP + 3.0)11,32.6 
6 IF!P+2.5)22.3U,22 
7 IF!P + 2.Q)3.36. 10 
8 IFIP+1.5)22.3S.22 
9 1F1P+1.0)B.U0.2? 
10 IF!P+0.5)9.U2.11 
11 IF!P)22,UU. 12 
12 IF!P-0.5)22.U6.22 
13 IF!P-1.0)7.U8,17 
1U IF!P-1.S)22.50,15 
15 IF!P-2.0)22,52,16 
16 IF!P-2.5)22,5U,22 
17 IFiP-3.0)IU.56,21 
18 IF!P-3.5)22,58.22 
19 IFIP-U.O)18.60.20 
20 IF!P-U.5)22.62.22 
21 IFIP-5.0)19.6U,22 
22 PWR=T»»P 

G0T065 
2U PWR=1.0/IT«T^T»T*T) 

G0T065 
26 PWR=1.0/IT»T»T»T»SQRTF!T1) 

G0TC65 
28 PWR=1.0/!T»T»T»T) 

G0TC65 
30 PWR=1.0/!T^T»T»SGRTF!T)) 

G0T065 
32 PWR=1.0/!T»T»T) 

G0TC65 
3U PWR=1.0/!T»T»SQRTF!T) ) 

G0TC65 
36 PWR=1.0/!T»T) 

G0T065 
38 PWR=l-0/IT»SGRTF!T)) 

G0T065 
UO PWR=1.0/T 

G0TC65 
U2 PWR=1.0/SQRTF!T) 

C0T065 
UU PWR=1.0 

G0T065 
U6 PWR=SCRTF!T) 

G0T065 
U8 PWR=T 

G0T065 
50 PWR=T»SCRTF!T) 
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GOT065 
52 PWR=T^T 

G0T065 
5U PWR=T«T»SCRTF!T) 

G0TD65 
56 PWR=T»T»T 

G0TO65 
58 PWR=T»T»T*SCRTF(T) 

G0T065 
60 PWR=T»T»T*T 

G0TC65 
62 PWR=T»T»T»T»SGRTF!T) 

G0Tn65 
6U PWR=T»T»T»T»T 
65 RETURN 

ENDIO.1,0.0, 1) 






